Objective: To analyse the dose-dependent effect of body mass index (BMI) categories for common pregnancy outcomes. Methods: A retrospective cohort study of all deliveries that occurred between 1 January 2005 and 31 December 2009 in a tertiary maternity centre, in Sydney Australia. Common pregnancy outcomes were analysed against World Health Organization (WHO) BMI categories using multiple logistic regression analysis. Results: From a total of 18,304 pregnancies, 9087 singleton pregnancies with complete data-sets were identified. Of these pregnancies, 4000 (44%) had a normal BMI, 470 (5.2%) were underweight, 2293 (25.2%) were overweight, 1316 (14.5%) were obese class I, 630 (6.9%) were obese class II and 378 (4.2%) were obese class III. Using the normal BMI category as the reference, there was a clear dose effect of BMI categories for hypertension (P , 0.001), pre-eclampsia (P , 0.001), caesarean section (P , 0.001), macrosomia (P , 0.001), large for gestational age (P , 0.001), small for gestational age (P , 0.001) and neonatal respiratory distress (P ¼ 0.039). In contrast, despite a significant association with BMI (P , 0.001), a dose-dependent effect was not found for gestational diabetes. Conclusion: The results of our study have important clinical significance as the data, using WHO BMI categories, more accurately help stratify risk assessment in a clinically relevant dose-dependent relationship.
INTRODUCTION
The rates of overweight and obesity have been increasing over the last few decades, and have become a growing concern with respect to the health and wellbeing of patients. According to World Health Organization (WHO), in developed countries 35-60% of women who are of reproductive age are either overweight or obese. 1 Furthermore, in the 2004 -2005 Australian Bureau of Statistics Health Survey, 54% of Australians were classified as overweight or obese and, of the female population, 45% of women were in this classification. In comparison, the [1989] [1990] Health Survey reported that only 38% of the total population and 32% of women were classified as overweight or obese. 2 In light of this increasing trend of overweight and obesity there has been growing interest in the obstetric community to determine how maternal weight affects pregnancy outcomes for both the mother and neonate. Various studies have demonstrated a correlation between increasing maternal weight and adverse pregnancy outcomes, using body mass index (BMI) as a standard of measurement. 3 -16 There has been evidence of an increasing association between women with a higher BMI and maternal pregnancy outcomes such as pregnancy-induced hypertension (PIH), pre-eclampsia, gestational diabetes and caesarean section delivery. 3 -8 Although the associations between increasing BMI and maternal outcomes have been consistent across international studies, there is conflicting evidence with respect to neonatal outcomes. Some studies have shown an association between women who were overweight or obese and respiratory distress syndrome, large for gestational age (LGA), macrosomia, meconium aspiration syndrome, stillbirth, neonatal hypoglycaemia, prematurity and admission to neonatal intensive care unit. 3 -13 Conversely, others have shown a decreasing or lack of association between increasing BMI and prematurity, 5, 8, 9 and no association with hypoglycaemia, respiratory distress syndrome, birth defects and stillbirth. 8, 9 Similarly, there is conflicting evidence regarding the association between underweight women and small for gestational age (SGA) neonates. 6, 7, 14, 15 The effect of BMI has been assessed both as a continuous variable and categorically; however, the defined BMI categories varied in range among the different studies, and others have assessed according to WHO-defined categories. 12, 13 The advantage of using WHO BMI categories is that it provides for an internationally accepted and standardized definition of weight categories, allowing for unequivocal comparison across studies of specified associations, whether with regard to pregnancy outcomes or other health-related outcomes. Therefore, the aim of this study was to determine the association between maternal BMI, according to WHO BMI categories, on pregnancy outcomes in the context of an Australian population.
METHODS

Study design and setting
This was a retrospective cohort study of all deliveries that occurred between 1 January 2005 and 31 December 2009 at a tertiary maternity service in western metropolitan Sydney, New South Wales, Australia. Women were identified using the hospital's obstetric database. The information in the database is updated and maintained during and after pregnancy and contributes to statewide data collection.
Participants
Over the study period there were 18,304 pregnancies, of which all singleton pregnancies greater than 24 weeks gestation were eligible for inclusion in the study (n ¼ 17,513). Cases were excluded if the data were incomplete for maternal and neonatal anthropometric measurements (n ¼ 2855), contained data entry errors (n ¼ 28) or if the cases had incomplete data (n ¼ 5543 (Figure 1 ). BMI was calculated from the measured weight of the women, which was measured during the first antenatal visit.
Variables
The following data were gathered from electronic medical records: antenatal and perinatal outcomes assessed included prelabour rupture of membranes (PROM); threatened preterm labour (TPL); antepartum haemorrhage (APH); pregnancyinduced hypertension and pre-eclampsia; 16 gestational diabetes (GDM) 17 and caesarean section delivery. Neonatal outcomes that were assessed included macrosomia; SGA; 18 LGA; prematurity; respiratory distress and other neonatal outcomes, which were unspecified. Adverse fetal outcomes such as pregnancy loss and major malformations leading to therapeutic or spontaneous abortions could not be analysed due to the exclusion of cases less than 24 weeks of gestational age.
BMI was defined as the weight, in kilograms, divided by the square of the height, in metres. Macrosomia was defined as a birth weight .4000 g and prematurity was defined as a gestational age ,37 weeks. Birth weight Z scores were calculated to identify neonates who were either SGA or LGA, which are defined as ,10th percentile and . 90th percentile, respectively. Z scores were controlled for infant gender, gestational age and parity, and were standardized for Australian population figures. 19 
Statistical analysis
All statistical analyses were conducted with SPSS version 17 (SPSS Inc., Chicago, IL, USA). Descriptive statistics are reported as means and standard deviations. Comparisons between all categorical measures were made using a chi-squared test. Significant differences in continuous variables between groups were tested using one-way analysis of variance. BMI was assessed both as a continuous variable and as categorical variables. The associations between BMI WHO categories and pregnancy outcomes were assessed using logistic regression modelling, whereas multiple linear regression was used when BMI was considered as a continuous variable. Both univariate and multivariate analyses were conducted to control for potential confounders, such as maternal age, parity and smoking. Additionally, due to potential interactions, maternal outcomes were also controlled for including PIH, preeclampsia, GDM, APH, TPL and PROM. Neonatal outcomes were controlled for the above-listed maternal outcomes in addition to prematurity, macrosomia, LGA, SGA, respiratory distress, hypoglycaemia, hypothermia, suspected infection, birth defects and other neonatal outcomes that were not specified. Analyses were performed on outcomes with a prevalence of at least 1% to reduce the likelihood of imprecision. Statistical significance was defined as P value ,0.05.
RESULTS
Overall, 9087 pregnancies were analysed in the study; all cases were divided into six BMI categories, according to WHO classifications. The normal BMI category was used as the reference group for analyses. Maternal baseline characteristics were compared for all BMI categories, and are listed in Table 1 . There were no statistical differences in the proportion of male births between the different categories. However, women with higher BMI had a higher mean maternal age (P , 0.001), gestational length (P , 0.001) and had a greater parity (P , 0.001); conversely, there was a higher rate of smoking in underweight women (P , 0.001).
The results of the unadjusted and adjusted logistic regression analyses for antenatal and perinatal outcomes and their relationship with BMI are detailed in Tables 2 and 3 , respectively. There was a highly significant (P , 0.001) positive association with PIH, pre-eclampsia, GDM and caesarean section, when BMI was analysed as both a categorical and continuous variable. This association was present before and after adjustment for confounders. Interestingly, despite evidence of an association between BMI and TPL for unadjusted analyses, this association was lost after controlling for confounders.
There was no evidence of an association between BMI and APH or PROM.
The results of the unadjusted and adjusted logistic regression analyses for neonatal outcomes are listed in Tables 4 and 5, respectively. There was evidence of significant positive associations between BMI, both as a categorical and continuous variable, and macrosomia, LGA and respiratory distress, in both adjusted and unadjusted analyses. Similarly, there was a significant negative association between BMI and SGA, for both unadjusted and adjusted analyses. Despite a significant negative association with categorical BMI and prematurity (P ¼ 0.004), there was no evidence of an association after controlling for confounders (P ¼ 1.000). There was no evidence of an association between BMI and other neonatal outcomes.
DISCUSSION
Key results
The results of our study are the first to demonstrate odds ratios for the relationship of pregnancy-related outcomes and BMI according to WHO categorization in an Australian population. The main findings of the study included evidence of a positive dose -response relationship between BMI categories and PIH, pre-eclampsia, caesarean sections, macrosomia, LGA infants and respiratory distress, as well as a negative dose response relationship between BMI categories and SGA infants. Interestingly, despite a positive relationship between increasing BMI categories and gestational diabetes, in class II and class III BMI categories, there was a plateau in the effect of BMI on GDM. The plateau in the association between class II and class III BMI categories has not been previously demonstrated. This may be due to variations in the definition of BMI categories, for example, overweight BMI 25-30 kg/m 2 , obese BMI . 30 kg/m 2 and morbidly obese BMI . 40 kg/m 2 , 4, 6, 8 or simply using overweight BMI 25 -30 kg/m 2 and obese BMI . 30 kg/m 2 . 3 With respect to neonatal outcomes, few studies have assessed the impact of maternal BMI on individual neonatal outcomes. 3, 5, 9 Our results show evidence of a parabolic association between BMI categories and respiratory distress, after controlling for both maternal and neonatal confounders, compared with studies that have shown no association 9 or an association only with overweight women 3 and occurrence of respiratory distress.
Limitations of the study
The data used for the study were extracted from a database, and the accuracy of the analyses is dependent upon the accuracy of the data entry. As was evident from Figure 1 , data had to be excluded due to the presence of aberrant data, and thus the question arises as to the accuracy of other data entries, which were not recognized as aberrant. Additionally, a considerable number of cases were excluded from the study due to incomplete and missing data. The overall trends of the excluded group are similar to those of the included group. However, there were greater rates of outcomes that occurred across all BMI categories in the excluded group in comparison to the included group. Further analyses of the included and excluded groups demonstrated that the average booking date for the included group was 20 weeks gestation, whereas the excluded group had an average booking date at 27 weeks of gestation. This suggests that the women in the excluded group were presenting to the hospital at a later gestation, perhaps as a result of development of complication during their pregnancy for which they were referred from outer-regional hospitals or from the community, for tertiary care. Data entry for these acute presentations was generally incomplete and less reliable. Despite this exclusion, the overall outcomes are similar to other published data. 4, 5, 8 However, this study was not designed to address epidemiological information but rather to analyse the association between BMI categories and pregnancy outcomes. During the analyses attempts were made to control for as many confounders as possible, for example, maternal age, smoking, parity, PIH and GDM. 20 -22 However, despite the known effects that it has on pregnancy outcomes, 23 ethnicity could not be controlled for. According to the Australian Bureau of Statistics, 1-3% of the population in this region is aboriginal or Torres Strait Islander. 24 At the booking antenatal visit, ethnicity is self-reported. It is important to consider that there is much diversity between and within aboriginal and Torres Strait Islander communities, 25 and this should be taken into consideration in future studies.
To overcome these limitations and possible sources of bias in future database-dependent studies, prospective studies which ensure that databases cannot be terminated without complete data entry would be ideal.
CONCLUSION
Our study was able to demonstrate associations between BMI, according to WHO classification, and pregnancy-related outcomes with respect to both mother and neonate, in the context of an Australian population. In addition, our study found evidence of an association between respiratory distress that had not been demonstrated before, as well as evidence of a plateau in the likelihood of occurrence of gestational diabetes in class II and class III obese women, which had also not been demonstrated in previous studies. The value of the study is in the demonstration of associations according to internationally standardized BMI categories, according to the WHO. Thus, the results of our study are the first to facilitate assessment of risk for all WHO BMI categories. Our method of conducting the study using WHO-defined BMI categories allows for more clinically relevant risk stratification of patients. Future studies conducted in a similar manner would allow for equivalent comparison of associations, between ethnic groups and countries, not only pertaining to pregnancy-related outcomes but other health outcomes as well.
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